JPL Document No. D-20751

CloudSat Project

A NASA Earth System Science Pathfinder Mission

Cloudsat AN-MODMASK Ancillary Data

(MODIS Cloud Mask MOD35)

Interface Control Document

Version:  DRAFT

Date:  14 June 2001

Prepared by:

________________________________________

T. Logan, Data Processing System Engineer 

[image: image1.wmf]
Jet Propulsion Laboratory

California Institute of Technology

4800 Oak Grove Drive

Pasadena, California  91109-8099

Approvals





Date


Graeme Stephens

Project Scientist





Date


Mark Rokey

Ground System Manager





Date


Donald Reinke

Data Products Manager

Questions concerning the document and proposed changes shall be addressed to


Tom Logan

818-354-4032


tom.logan@jpl.nasa.gov

Contents

Contents....................................................................................................................3

1.
Introduction..................................................................................................4

1.1
Overview......................................................................................................4

1.2
Applicable Documents.................................................................................4

2.
GES DAAC Distribution of MOD35_L2 Product to Cloudsat....................4

3.
MOD35_L2 Overview and Algorithm Theoretical Basis............................5

3.1
Algorithm Theoretical Basis........................................................................5

3.2
Cloud Mask Overview.................................................................................5

4.
MOD35_L2 File Specification and Format.................................................6

5.
Acronym List...............................................................................................8

Appendix A: MOD35_L2 File Specification..........................................................9

1. Introduction

1.1. Overview

The AN-MODMASK Cloud Mask is an ancillary data product used in the preparation of the Cloudsat Geometric Profile and other Cloudsat data processing tasks. The mask is generated from spectra obtained by the MODIS instrument onboard the Aqua platform, and is ground processed at the Goddard Space Flight Center (GSFC) into a Level 2 product identified as MOD35_L2. A subsetted version of the MOD35_L2 product is provided to Cloudsat by the Goddard Earth Sciences (GES) DAAC. This document provides the interface control for accessing MOD35_L2 products by Cloudsat, including agreements between the GES DAAC and the Cloudsat Project, the MOD35_L2 Algorithm Theoretical Basis Document (ATBD), file specifications, and format.

1.2. Applicable Documents

•  Cloudsat Data Processing Center System Description and Data Processing Plan,

    29MAY01.

•  Cloudsat L3 Ground System-Science Data Processing, 22APR01.
•  End-to-End Information System (EEIS), 19APR01.

•  Cloudsat Science Ground Data Processing Verification and Validation Test

   Plan, tbd.

•  Ackerman, S., etal, 1997. Discriminating Clear-Sky From Cloud With MODIS - 
   Algorithm Theoretical Basis Document (MOD35); Reference ATBD-MOD-06.
•  MODIS Science Support Documents are available at:

    http://ltpwww.gsfc.nasa.gov/MODIS/SDST/docs.html

2. GES DAAC Distribution of MOD35_L2 Product to Cloudsat

An agreement with the GES DAAC to provide a subsetted version of the MOD35_L2 MODIS Cloud Mask product is tbd. The agreement specifications include:


•  Start Time of Data Distibution:  Cloudsat launch date, April 2004.


•  Duration of Data Distribution:  Two years.


•  Cloudsat Receipt Site:  CIRA/CSU.


•  Data Transmittal:  ftp ‘push’ of five minute granules, as data is processed and


    becomes available from GES, but not later than one week after preparation.


•  Data Format:  HDF-EOS.


•  Special Processing:  Data subsetted +/-35km of MODIS nadir, with Quality


    Assurance and updated Metadata.


•  Requested 5 Minute Granule Data:


      -  MOD35_L2, 1 km resolution, 70 km swath.


      -  70 pixels x 2030 lines x 6 layers x 1 byte = 0.853MB (Estimate).

3. MOD35_L2 Overview and Algorithm Theoretical Basis

    3.1  Algorithm Theoretical Basis

The algorithm theoretical basis for preparation of the MOD35_L2 Cloud Mask is described in the following document:

•  Ackerman, S., etal, 1997. Discriminating Clear-Sky From Cloud With MODIS - 
   Algorithm Theoretical Basis Document (MOD35); Reference ATBD-MOD-06.

This document can also be found on the internet at:
•  http://ltpwww.gsfc.nasa.gov/MODIS-Atmosphere/_docs/atbd_mod06.pdf or

•  http://modarch.gsfc.nasa.gov/MODIS/ATBD/atbd_mod06.pdf

    3.2  Cloud Mask Overview
The following overview and Cloud Mask preparation discussion is an edited extraction from the MODIS website: http://modis-atmos.gsfc.nasa.gov/MOD35_L2/index.html.

The MODIS Cloud Mask product (MOD35_L2) is a daily, global Level 2 product generated at 1-km and 250-m (at nadir) spatial resolutions. The algorithm employs a series of visible and infrared threshold and consistency tests to specify confidence that an unobstructed view of the Earth’s surface is observed. An indication of shadows affecting the scene is also provided. Radiometrically accurate radiances are required, so holes in the Cloud Mask will appear wherever the input radiances are incomplete or of poor quality.

The MODIS cloud-mask algorithm employs a battery of spectral tests, which use methodology applied from the AVHRR Processing scheme Over cLoudy Land and Ocean (APOLLO), International Satellite Cloud Climatology Project (ISCCP), CLoud Advanced Very high resolution Radiometer (CLAVR), and Support of Environmental Requirements for Cloud Analysis and Archive (SERCAA) to identify cloudy FOVs. From these a clear-sky confidence level (high confident clear, probably clear, undecided, cloudy) is assigned to each FOV. For inconclusive results, spatial- and temporal-variability tests are applied. The spectral tests rely on radiance (temperature) thresholds in the infrared and reflectance thresholds in the visible and near-infrared. Thresholds vary with surface type, atmospheric conditions (moisture, aerosol, etc.), and viewing geometry. Along with MOD02 calibrated radiances, a 1-km land/water mask, DEM, ecosystem analysis, snow/ice cover map, NCEP analysis of surface temperature and wind speed, and an estimate of precipitable water are required as inputs. A summary of the input and output files associated with the MOD35 product include:

•  Input MODIS Files:

•  One granule of 1 kilometer Level-1B data (required).

•  One granule of the geolocation product, MOD03 (required).

•  One granule of 250 meter Level-1B data (optional).

•  Input Ancillary Files (Optional):

•  NCEP daily global sea ice concentration from SSM/I on 0.5 degree grid in GRIB format.

•  NCEP GDAS1 6-hourly global meteorological data on a 1 degree grid in GRIB format.

•  NCEP daily global total ozone from TOVS on a 1 degree grid in GRIB format.

•  NCEP weekly global Reynolds sea surface temperatures on a 1 degree grid in ASCII format).

•  NSIDC daily global ice concentration and snow extent from SSM/I on 721x721 N/S Hemisphere azimuthal grids in HDF/EOS format.

(Note: GRIB files are available four times per day, with the closest time period to the data being staged. If the data is not available, the process is run without it.)

•  Input Static Files:

•  1km Olson global ecosystem map (required) 

•  MOD_PR35 thresholds.dat file, which contain the processing path spectral test thresholds which are the heart of the cloud mask processing software (required).

(Note: Since processing cannot be initiated until these files are staged, the 10 minute global ecosystem map is used as a backup to the 1km Olson global file.)

•  Output Product Files:

•  MODIS Cloud Mask Product (MOD35_L2) in Hierarchical Data Format (HDF).

•  Quality Control file in ASCII format.

•  Granule-based clear radiance file in Hierarchical Data Format (HDF).

Cloud-mask validation is conducted using MODIS Airborne Simulator (MAS) data from several field campaigns, all-sky cameras, comparison with NOAA operational instruments, and potentially other Terra instruments (e.g. ASTER).

4. MOD35_L2 File Specification and Format

The file specification and format description of the MOD35_L2 Cloud Mask, including all HDF Scientific Data Sets and local attributes can be found in Appendix A, and at:

•  http://modis-atmos.gsfc.nasa.gov/_specs/MOD35_L2.CDL.fs

The following file specification and format overview discussion is an edited extraction from the MODIS website: http://modis-atmos.gsfc.nasa.gov/MOD35_L2/index.html.

Level-2 Cloud Mask Product (MOD35_L2) parameters are produced at a spatial resolution of either a 1 by 1 kilometer or a 5 by 5 kilometer (at nadir) pixel array. Each MOD35_L2 product file covers a five-minute time interval (based on the start time of each MODIS Level-1B granule). This means that for 5km resolution parameters (time, location, and viewing geometry arrays), the output grid is 270 pixels in width by 406 pixels in length for nine consecutive granules. Every tenth granule has an output grid size of 270 by 408 pixels. For 1km resolution parameters (Cloud Mask and Quality Assurance), the output grid is 1354 pixels in width by 2030 pixels in length for nine consecutive granules. Every tenth granule has an output grid size of 1354 by 2040 pixels.

MOD35_L2 product files are stored in Hierarchical Data Format (HDF). HDF is a multi-object file format for sharing scientific data in multi-platform distributed environments. It is recommended that HDF files only be accessed through HDF library subroutine and function calls, which can be downloaded from the HDF web site (http://hdf.ncsa.uiuc.edu). Each of the nine gridded parameters listed below are stored as a Scientific Data Set (SDS) within the HDF file. The Cloud Mask and Quality Assurance SDS's are stored at 1 kilometer pixel resolution. All other SDS's (those relating to time, geolocation, and viewing geometry) are stored at 5 kilometer pixel resolution.

•  Geolocation and Time Parameters:

•  Latitude SDS

   -  Description: Geodetic Latitude.

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: -90 to +90 degrees north.

•  Longitude SDS

   -  Description: Geodetic Longitude.

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: -180 to +180 degrees east.

•  Scan_Start_Time SDS

   -  Description: International Atomic Time at Start of Scan replicated across the

       Swath.

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: 0.0 to 3.1558E+9 seconds since 1 January 1993 00:00:00.

•  Solar and Viewing Geometry Parameters

•  Solar_Zenith SDS

   -  Description: Solar Zenith Angle, Cell to Sun.

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: 0 to +180 degrees.

•  Solar_Azimuth SDS

   -  Description: Solar Azimuth Angle, Cell to Sun.

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: -180 to +180 degrees.

•  Sensor_Zenith SDS

   -  Description: Sensor Zenith Angle, Cell to Sensor.

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: 0 to 180 degrees.

•  Sensor_Azimuth SDS

   -  Description: Sensor Azimuth Angle, Cell to Sensor

   -  Dimensions: (Cell_Along_Swath_5km, Cell_Across_Swath_5km)

   -  Valid Range: -180 to 180 degrees.

•  Science Parameters

•  Cloud_Mask SDS

   -  Description: MODIS Cloud Mask and Spectral Test Results.

   -  Dimensions: (Byte_Segment, Cell_Along_Swath_1km,

      Cell_Across_Swath_1km)

   -  Valid Range: bit field.

•  Quality_Assurance SDS

   -  Description: Quality Assurance for Cloud Mask.

   -  Dimensions: (Cell_Along_Swath_1km, Cell_Across_Swath_1km,

      QA_Dimension)

   -  Valid Range: bit field.

(Note: Each pixel in the Cloud_Mask SDS is assigned a 6 byte (48 bit) array, and each pixel in the Quality_Assurance SDS is assigned a 10 byte (80 bit) array. Individual bits or groups of bits are set to denote various quality run-time characteristics for that pixel.)

5. Acronym List

ASTER
Advanced Spaceborne Thermal Emission and Reflection Radiometer

CIRA

Cooperative Institute for Research in the Atmosphere

CPR 

Cloud Profiling Radar

CSU

Colorado State University

DAAC

Distributive Active Archive Center

DPEAS
Data Processing and Error Analysis System

EOS

Earth Observing System

FOV

Field of View

GES

Goddard Earth Sciences (DAAC)

GRIB

GRid In Binary (file format)

HDF

Hierarchical Data Format

JPL

Jet Propulsion Laboratory

MAS

MODIS Airborne Simulator

MODIS
MOderate-Resolution Imaging Spectrometer

NASA

National Aeronautics and Space Administration

NCEP

National Center for Environmental Prediction

NOAA

National Oceanic and Atmospheric Administration

NSIDC
National Snow and Ice Data Center

SDS

Scientific Data Set

SSM/I

Special Sensor Microwave/Imager (aboard the DMSP)

Appendix A: MOD35_L2 File Specification

----------------------------------------------------------------------------

// MODIS HDF File Specification MOD35_L2: MODIS Level 2 Cloud Mask Product   

//              at 1 km and 250 m spatial resolutions                        

//

// This file specification document is written mainly in the network Common 

// Data Form Language (CDL) to define HDF dimension names and sizes, and to 

// declare attributes and arrays in terms of the dimensions.  Other HDF 

// objects not representable in CDL constructs (e.g. Vdata, Vgroups and ECS 

// metadata) are described within comment blocks (any line or lines beginning 

// with the characters "//").  

//

// Array indexing is described in terms of the C programming language which 

// is row dominant. 

//----------------------------------------------------------------------------

netcdf MOD35_L2 {

dimensions:

        Cell_Across_Swath_1km:mod35 = 1354 ;     // typical size

        Cell_Across_Swath_5km:mod35 = 270 ;      // typical size

        Cell_Along_Swath_1km:mod35 = 2030 ;      // typical size

        Cell_Along_Swath_5km:mod35 = 406 ;       // typical size

        Byte_Segment:mod35 = 6 ;

        QA_Dimension:mod35 = 10 ;

variables:

        :Number_of_Instrument_Scans = 203 ;      // typical value

        :Maximum_Number_of_1km_Frames = 1354 ;   // typical value

        :title = "MODIS Level 2 Cloud Mask" ; 

        :history = "$Id: MOD35.V2.CDL,v 1.1.2.2 2000/09/28 18:13:06 gumley Exp $" ;

// The first SDS below, Byte_Segment, is represented here as a 1-dimensional

// array, even though it is actually implemented as a HDF Vdata object, or

// table, in the MOD35 product file.  The description of this object in terms

// of Vdata parameters is provided in the vdata section below.

        long Byte_Segment(Byte_Segment:mod35) ;

        double Scan_Start_Time(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Scan_Start_Time:long_name = "TAI time at start of scan replicated across the swath" ;

                Scan_Start_Time:units = "seconds since 1993-1-1 00:00:00.0 0" ;

                Scan_Start_Time:valid_range = 0.0d, 3.1558e9d ;

                Scan_Start_Time:_FillValue = -999.9d ;

                Scan_Start_Time:scale_factor = 1.0d ;

                Scan_Start_Time:add_offset = 0.0d ;

                Scan_Start_Time:Parameter_Type = "MODIS Input" ;

                Scan_Start_Time:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Scan_Start_Time:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Scan_Start_Time:Geolocation_Pointer = "Internal geolocation arrays" ;

        float Latitude(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Latitude:long_name = "Geodetic Latitude" ;

                Latitude:units = "degrees_north" ;

                Latitude:valid_range = -90.0f, 90.0f ;

                Latitude:_FillValue = -999.99f ;

                Latitude:scale_factor = 1.0d ;

                Latitude:add_offset = 0.0d ;

                Latitude:Parameter_Type = "MODIS Input" ;

                Latitude:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Latitude:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Latitude:Geolocation_Pointer = "Internal geolocation arrays" ;

        float Longitude(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Longitude:long_name = "Geodetic Longitude" ;

                Longitude:units = "degrees_east" ;

                Longitude:valid_range = -180.0f, 180.0f ;

                Longitude:_FillValue = -999.99f ;

                Longitude:scale_factor = 1.0d ;

                Longitude:add_offset = 0.0d ;

                Longitude:Parameter_Type = "MODIS Input" ;

                Longitude:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Longitude:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Longitude:Geolocation_Pointer = "Internal geolocation arrays" ;

        short Solar_Zenith(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Solar_Zenith:long_name = "Solar Zenith Angle, Cell to Sun" ;

                Solar_Zenith:units = "degrees" ;

                Solar_Zenith:valid_range = 0s, 18000s ;

                Solar_Zenith:_FillValue = -9999s ;

                Solar_Zenith:scale_factor = 0.01d ;

                Solar_Zenith:add_offset = 0.0d ;

                Solar_Zenith:Parameter_Type = "MODIS Input" ;

                Solar_Zenith:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Solar_Zenith:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Solar_Zenith:Geolocation_Pointer = "Internal geolocation arrays" ;

        short Solar_Azimuth(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Solar_Azimuth:long_name = "Solar Azimuth Angle, Cell to Sun" ;

                Solar_Azimuth:units = "degrees" ;

                Solar_Azimuth:valid_range = -18000s, 18000s ;

                Solar_Azimuth:_FillValue = -9999s ;

                Solar_Azimuth:scale_factor = 0.01d ;

                Solar_Azimuth:add_offset = 0.0d ;

                Solar_Azimuth:Parameter_Type = "MODIS Input" ;

                Solar_Azimuth:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Solar_Azimuth:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Solar_Azimuth:Geolocation_Pointer = "Internal geolocation arrays" ;

        short Sensor_Zenith(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Sensor_Zenith:long_name = "Sensor Zenith Angle, Cell to Sensor" ;

                Sensor_Zenith:units = "degrees" ;

                Sensor_Zenith:valid_range = 0s, 18000s ;

                Sensor_Zenith:_FillValue = -9999s ;

                Sensor_Zenith:scale_factor = 0.01d ;

                Sensor_Zenith:add_offset = 0.0d ;

                Sensor_Zenith:Parameter_Type = "MODIS Input" ;

                Sensor_Zenith:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Sensor_Zenith:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Sensor_Zenith:Geolocation_Pointer = "Internal geolocation arrays" ;

        short Sensor_Azimuth(Cell_Along_Swath_5km:mod35,Cell_Across_Swath_5km:mod35) ;

                Sensor_Azimuth:long_name = "Sensor Azimuth Angle, Cell to Sensor" ;

                Sensor_Azimuth:units = "degrees" ;

                Sensor_Azimuth:valid_range = -18000s, 18000s ;

                Sensor_Azimuth:_FillValue = -9999s ;

                Sensor_Azimuth:scale_factor = 0.01d ;

                Sensor_Azimuth:add_offset = 0.0d ;

                Sensor_Azimuth:Parameter_Type = "MODIS Input" ;

                Sensor_Azimuth:Cell_Across_Swath_Sampling = 3, 1348, 5 ;

                Sensor_Azimuth:Cell_Along_Swath_Sampling = 3, 2028, 5 ;

                Sensor_Azimuth:Geolocation_Pointer = "Internal geolocation arrays" ;

        byte Cloud_Mask(Byte_Segment:mod35,Cell_Along_Swath_1km:mod35,Cell_Across_Swath_1km:mod35) ;

                Cloud_Mask:long_name = "MODIS Cloud Mask and Spectral Test Results" ;

                Cloud_Mask:units = "none" ;

                Cloud_Mask:valid_range = '\0', '\377' ;

                Cloud_Mask:_FillValue = '\0' ;

                Cloud_Mask:scale_factor = 1.0d ;

                Cloud_Mask:add_offset = 0.0d ;

                Cloud_Mask:Parameter_Type = "Output" ;

                Cloud_Mask:Cell_Across_Swath_Sampling = 1, 1354, 1 ;

                Cloud_Mask:Cell_Along_Swath_Sampling = 1, 2030, 1 ;

                Cloud_Mask:Geolocation_Pointer = "External MODIS geolocation product" ;

                Cloud_Mask:description = "\n",

"                                                                          \n",

" Bit fields within each byte are numbered from the left:                  \n",

" 7, 6, 5, 4, 3, 2, 1, 0.                                                  \n",

" The left-most bit (bit 7) is the most significant bit.                   \n",

" The right-most bit (bit 0) is the least significant bit.                 \n",

"                                                                          \n",

" bit field       Description                             Key              \n",

" ---------       -----------                             ---              \n",

"                                                                          \n",

" 0               Cloud Mask Flag                      0 = Not determined  \n",

"                                                      1 = Determined      \n",

"                                                                          \n",

" 2, 1            Unobstructed FOV Quality Flag        00 = Cloudy         \n",

"                                                      01 = Uncertain      \n",

"                                                      10 = Probably Clear \n",

"                                                      11 = Confident Clear\n",

"                 PROCESSING PATH                                          \n",

"                 ---------------                                          \n",

" 3               Day or Night Path                    0 = Night / 1 = Day \n",

" 4               Sunglint Path                        0 = Yes   / 1 = No  \n",

" 5               Snow/Ice Background Path             0 = Yes   / 1 = No  \n",

" 7, 6            Land or Water Path                   00 = Water          \n",

"                                                      01 = Coastal        \n",

"                                                      10 = Desert         \n",

"                                                      11 = Land           \n",

" ____ END BYTE 1 _________________________________________________________\n",

"                                                                          \n",

" bit field       Description                             Key              \n",

" ---------       -----------                             ---              \n",

"                                                                          \n",

"                 ADDITIONAL INFORMATION                                   \n",

"                 ----------------------                                   \n",

" 0               Non-cloud obstruction Flag              0 = Yes / 1 = No \n",

" 1               Thin Cirrus Detected  (Solar)           0 = Yes / 1 = No \n",

" 2               Shadow Found                            0 = Yes / 1 = No \n",

" 3               Thin Cirrus Detected  (Infrared)        0 = Yes / 1 = No \n",

" 4               Adjacent Cloud Detected **              0 = Yes / 1 = No \n",

"                 ** Implemented Post Launch to                            \n",

"                    Indicate cloud found within                           \n",

"                    surrounding 1 km pixels *                             \n",

"                                                                          \n",

"                 1-km CLOUD FLAGS                                         \n",

"                 ----------------                                         \n",

" 5               Cloud Flag - IR Threshold               0 = Yes / 1 = No \n",

" 6               High Cloud Flag - CO2 Test              0 = Yes / 1 = No \n",

" 7               High Cloud Flag - 6.7 micron Test       0 = Yes / 1 = No \n",

" ____ END BYTE 2 _________________________________________________________\n",

"                                                                          \n",

" bit field       Description                             Key              \n",

" ---------       -----------                             ---              \n",

"                                                                          \n",

" 0               High Cloud Flag - 1.38 micron Test      0 = Yes / 1 = No \n",

" 1               High Cloud Flag - 3.7-12 micron Test    0 = Yes / 1 = No \n",

" 2               Cloud Flag - IR Temperature             0 = Yes / 1 = No \n",

"                              Difference                                  \n",

" 3               Cloud Flag - 3.7-11 micron Test         0 = Yes / 1 = No \n",

" 4               Cloud Flag - Visible Reflectance Test   0 = Yes / 1 = No \n",

" 5               Cloud Flag - Visible Reflectance        0 = Yes / 1 = No \n",

"                              Ratio Test                                  \n",

" 6               Cloud Flag - .935/.87 Reflectance Test  0 = Yes / 1 = No \n",

" 7               Cloud Flag - 3.7-3.9 micron Test        0 = Yes / 1 = No \n",

" ____ END BYTE 3 _________________________________________________________\n",

"                                                                          \n",

" bit field       Description                             Key              \n",

" ---------       -----------                             ---              \n",

"                                                                          \n",

"                 ADDITIONAL TESTS                                         \n",

"                 ----------------                                         \n",

" 0               Cloud Flag - Temporal Consistency       0 = Yes / 1 = No \n",

" 1               Cloud Flag - Spatial Variability        0 = Yes / 1 = No \n",

" 2               Final Confidence Confirmation Test      0 = Yes / 1 = No \n",

" 3               Cloud Flag - Night Water                0 = Yes / 1 = No \n",

"                              Spatial Variability                         \n",

" 4               Suspended Dust Flag                     0 = Yes / 1 = No \n",

"                                                                          \n",

" 5-7             Spares                                                   \n",

" ____ END BYTE 4 _________________________________________________________\n",

"                                                                          \n",

" bit field       Description                             Key              \n",

" ---------       -----------                             ---              \n",

"                                                                          \n",

"                 250-m Cloud Flag - Visible Tests                         \n",

"                 --------------------------------                         \n",

" 0               Element(1,1)                            0 = Yes / 1 = No \n",

" 1               Element(1,2)                            0 = Yes / 1 = No \n",

" 2               Element(1,3)                            0 = Yes / 1 = No \n",

" 3               Element(1,4)                            0 = Yes / 1 = No \n",

" 4               Element(2,1)                            0 = Yes / 1 = No \n",

" 5               Element(2,2)                            0 = Yes / 1 = No \n",

" 6               Element(2,3)                            0 = Yes / 1 = No \n",

" 7               Element(2,4)                            0 = Yes / 1 = No \n",

" ____ END BYTE 5 _________________________________________________________\n",

"                                                                          \n",

" bit field       Description                             Key              \n",

" ----------      -----------                             ---              \n",

"                                                                          \n",

" 0               Element(3,1)                            0 = Yes / 1 = No \n",

" 1               Element(3,2)                            0 = Yes / 1 = No \n",

" 2               Element(3,3)                            0 = Yes / 1 = No \n",

" 3               Element(3,4)                            0 = Yes / 1 = No \n",

" 4               Element(4,1)                            0 = Yes / 1 = No \n",

" 5               Element(4,2)                            0 = Yes / 1 = No \n",

" 6               Element(4,3)                            0 = Yes / 1 = No \n",

" 7               Element(4,4)                            0 = Yes / 1 = No \n",

" ____ END BYTE 6 _________________________________________________________\n" ;

        byte Quality_Assurance(Cell_Along_Swath_1km:mod35,Cell_Across_Swath_1km:mod35,QA_Dimension:mod35) ;

                Quality_Assurance:long_name = "Quality Assurance for Cloud Mask" ;

                Quality_Assurance:units = "none" ;

                Quality_Assurance:valid_range = '\0', '\377' ;

                Quality_Assurance:_FillValue = '\0' ;

                Quality_Assurance:scale_factor = 1.0d ;

                Quality_Assurance:add_offset = 0.0d ;

                Quality_Assurance:Parameter_Type = "Output" ;

                Quality_Assurance:Cell_Across_Swath_Sampling = 1, 1354, 1 ;

                Quality_Assurance:Cell_Along_Swath_Sampling = 1, 2030, 1 ;

                Quality_Assurance:Geolocation_Pointer = "External MODIS geolocation product" ;

                Quality_Assurance:description = "\n",

"        Product Run Time QA Flags                                   \n",

" QA Flag Name    Number of Bits  Bit Value   Description            \n",

" -------------------------------------------------------------      \n",

" Cloud Mask QA        1             0       not useful              \n",

"   (1km)                            1       useful                  \n",

"                                                                    \n",

" Cloud Mask           3            0-7      8 confidence levels     \n",

"   Confidence QA                                                    \n",

"   (1km)                                                            \n",

"                                                                    \n",

" Spares               4                                             \n",

"  -------- ( 1 byte total ) --------------------------------        \n",

"                                                                    \n",

" Optional run time QA flags - Individual test application           \n",

"                                                                    \n",

" QA Flag Name    Number of Bits  Bit Value   Description            \n",

" -------------------------------------------------------------      \n",

" NCO test             1             0       Not Applied             \n",

"                                    1       Applied                 \n",

"                                                                    \n",

" Thin Cirrus          1             0       Not Applied             \n",

"   test (Solar)                     1       Applied                 \n",

"                                                                    \n",

" Shadow Tests         1             0       Not Applied             \n",

"                                    1       Applied                 \n",

"                                                                    \n",

" Thin Cirrus          1             0       Not Applied             \n",

"   test(IR)                         1       Applied                 \n",

"                                                                    \n",

" Cloud Adjancency     1             0       Not Applied             \n",

"   test(IR)                         1       Applied                 \n",

"                                                                    \n",

" IR Threshold         1             0       Not Applied             \n",

"   test                             1       Applied                 \n",

"                                                                    \n",

" High Cloud           1             0       Not Applied             \n",

"   Test (CO2)                       1       Applied                 \n",

"                                                                    \n",

" High Cloud           1             0       Not Applied             \n",

"   Test (6.7)                       1       Applied                 \n",

"                                                                    \n",

" High Cloud           1             0       Not Applied             \n",

"   Test (1.38)                      1       Applied                 \n",

"                                                                    \n",

" High Cloud           1             0       Not Applied             \n",

"   Test (3.7-12um)                  1       Applied                 \n",

"                                                                    \n",

" IR Temperature       1             0       Not Applied             \n",

"   Difference Tests                 1       Applied                 \n",

"                                                                    \n",

" 3.7-11um Test        1             0       Not Applied             \n",

"                                    1       Applied                 \n",

"                                                                    \n",

" .68 Reflectance      1             0       Not Applied             \n",

"   Test                             1       Applied                 \n",

"                                                                    \n",

" Visible Ratio        1             0       Not Applied             \n",

"   Test                             1       Applied                 \n",

"                                                                    \n",

" Near IR              1             0       Not Applied             \n",

"   Reflectance                      1       Applied                 \n",

"   Ratio Test                                                       \n",

"                                                                    \n",

" 3.7-3.9mm            1             0       Not Applied             \n",

"   Test                             1       Applied                 \n",

"                                                                    \n",

" Temporal             1             0       Not Applied             \n",

"   Consistency                      1       Applied                 \n",

"   Test                                                             \n",

"                                                                    \n",

" Spatial              1             0       Not Applied             \n",

"   Variability Test                 1       Applied                 \n",

"                                                                    \n",

" Final Confidence     1             0       Not Applied             \n",

"   Confirmation Test                1       Applied                 \n",

"                                                                    \n",

" Night Water          1             0       Not Applied             \n",

"   Spatial Variability              1       Applied                 \n",

"                                                                    \n",

" Suspended Dust Test  1             0       Not Applied             \n",

"                                    1       Applied                 \n",

"                                                                    \n",

" Spares               3                                             \n",

"                                                                    \n",

" 250 m Visible      1(16)           0       Not Applied             \n",

"   Tests                            1       Applied                 \n",

"   (16 times as (line1,element1),(line1, element2),...              \n",

"   (line4,element4))                                                \n",

"                                                                    \n",

"  -------- ( 5 bytes total ) --------------------------------       \n",

"                                                                    \n",

" Optional run time QA flags - data information flags                \n",

"                                                                    \n",

" QA Flag Name    Number of Bits  Bit Value   Description            \n",

"  -------------------------------------------------------------     \n",

" Number of            2             0       None                    \n",

"   bands used to                    1       1-7                     \n",

"   generate                         2       8-14                    \n",

"   cloud mask                       3       15-21                   \n",

"                                                                    \n",

" Number of            2             0       None                    \n",

"   spectral                         1       1-3                     \n",

"   tests used to                    2       4-6                     \n",

"   generate                         3       7-9                     \n",

"   cloud mask                                                       \n",

"                                                                    \n",

" Spares               4                                             \n",

"                                                                    \n",

"  -------- ( 1 byte total ) --------------------------------        \n",

"                                                                    \n",

" Optional run time QA flags - data resource flags                      \n",

"                                                                       \n",

" QA Flag Name    Number of Bits  Bit Value   Description               \n",

" -------------------------------------------------------------         \n",

" Clear                2             0       MOD35                      \n",

"   Radiance                         1       Model forward calculation  \n",

"   Origin                           2       Other                      \n",

"                                    3       Not used                   \n",

"                                                                       \n",

" Surface              2             0       NCEP GDAS                  \n",

"   Temperature                      1       DAO                        \n",

"   Over Land                        2       MOD11                      \n",

"                                    3       Other                      \n",

"                                                                       \n",

" Surface              2             0       Reynolds blended           \n",

"   Temperature                      1       DAO                        \n",

"   Over Ocean                       2       MOD28                      \n",

"                                    3       Other                      \n",

"                                                                       \n",

" Surface Winds        2             0       NCEP GDAS                  \n",

"                                    1       DAO                        \n",

"                                    2       Other                      \n",

"                                    3       Not used                   \n",

"                                                                       \n",

" Ecosystem Map        2             0       Loveland NA 1km            \n",

"                                    1       Olson Ecosystem            \n",

"                                    2       MOD12                      \n",

"                                    3       Other                      \n",

"                                                                       \n",

" Snow mask            2             0       MOD33                      \n",

"                                    1       SSMI Product               \n",

"                                    2       Other                      \n",

"                                    3       Not used                   \n",

"                                                                       \n",

" Ice cover            2             0       MOD42                      \n",

"                                    1       SSMI product               \n",

"                                    2       Other                      \n",

"                                    3       Not used                   \n",

"                                                                       \n",

" Land/Sea Mask        2             0       USGS 1 km 6 level          \n",

"                                    1       USGS 1 km binary           \n",

"                                    2       Other                      \n",

"                                    3       Not used                   \n",

"                                                                       \n",

" Digital              1             0       EOS DEM                    \n",

"   Elevation                        1       Not used                   \n",

"   Model                                                               \n",

"                                                                       \n",

" Precipitable         2             0       NCEP GDAS                  \n",

"   Water                            1       DAO                        \n",

"                                    2       MOD07                      \n",

"                                    3       Other                      \n",

"                                                                       \n",

" Spare                5                                                \n",

"                                                                       \n",

"  -------- ( 3 bytes total ) --------------------------------          \n",

"                                                                       \n" ;

data:

        Byte_Segment = 1, 2, 3, 4, 5, 6 ;

//---------------------------------------------------------------------------------------

//                              ECS Inventory Metadata

//

// ECS Inventory Metadata are stored in the HDF attribute "CoreMetadata.0" whose

// content is described immediately below.

//---------------------------------------------------------------------------------------

//

//                                                   ECS     Number Of   Typical Value 

//   ECS Core Attribute Name                      Data Type    Values      or Comment

//   -----------------------                      ---------  ---------   --------------

//      SHORTNAME                                  STRING        1       "MOD35_L2"

//      VERSIONID                                  INTEGER       1       2

//      REPROCESSINGACTUAL                         STRING        1       "processed once"

//      REPROCESSINGPLANNED                        STRING        1       "further update anticipated"

//      LOCALGRANULEID                             STRING        1       variable

//      LOCALVERSIONID                             STRING        1       "001"

//      DAYNIGHTFLAG                               STRING        1       "Day/Night/Both"

//      PRODUCTIONDATETIME                         DATETIME      1       variable

//      PGEVERSION                                 STRING        1       "2"

//      INPUTPOINTER                               STRING        25 (Max) all input URs

//      

//    RangeDateTime 

//    -------------

//      RANGEBEGINNINGTIME                         TIME          1       variable

//      RANGEENDINGTIME                            TIME          1       variable

//      RANGEBEGINNINGDATE                         DATE          1       variable

//      RANGEENDINGDATE                            DATE          1       variable

//

//    Bounding Rectangle

//    ------------------

//      EASTBOUNDINGCOORDINATE                     DOUBLE        1       variable

//      WESTBOUNDINGCOORDINATE                     DOUBLE        1       variable

//      NORTHBOUNDINGCOORDINATE                    DOUBLE        1       variable

//      SOUTHBOUNDINGCOORDINATE                    DOUBLE        1       variable

//

//    OrbitCalculatedSpatialDomain

//    ----------------------------

//      ORBITNUMBER.1                              INTEGER       1       variable

//      EQUATORCROSSINGLONGITUDE.1                 DOUBLE        1       variable

//      EQUATORCROSSINGDATE.1                      DATE          1       variable

//      EQUATORCROSSINGTIME.1                      TIME          1       variable

//

//    MeasuredParameter

//    -----------------

//      PARAMETERNAME.1                            STRING        1       "Cloud_Mask"

//      AUTOMATICQUALITYFLAG.1                     STRING        1       "Passed" or "Failed"

//      AUTOMATICQUALITYFLAGEXPLANATION.1          STRING        1       "Passed if useable, Failed if not useable"

//      QAPERCENTMISSINGDATA.1                     INTEGER       1       0

//

//    Additional Attributes (Inventory PSAs)

//    --------------------------------------

//      ADDITIONALATTRIBUTENAME.1                  STRING        1       "SuccessfulRetrievalPct"

//      ADDITIONALATTRIBUTENAME.2                  STRING        1       "VeryHighConfidentClearPct"

//      ADDITIONALATTRIBUTENAME.3                  STRING        1       "HighConfidentClearPct"

//      ADDITIONALATTRIBUTENAME.4                  STRING        1       "UncertainConfidentClearPct"

//      ADDITIONALATTRIBUTENAME.5                  STRING        1       "LowConfidentClearPct"

//      ADDITIONALATTRIBUTENAME.6                  STRING        1       "CloudCoverPct250m"

//      ADDITIONALATTRIBUTENAME.7                  STRING        1       "ClearPct250m"

//      ADDITIONALATTRIBUTENAME.8                  STRING        1       "DayProcessedPct"

//      ADDITIONALATTRIBUTENAME.9                  STRING        1       "NightProcessedPct"

//      ADDITIONALATTRIBUTENAME.10                 STRING        1       "SunglintProcessedPct"

//      ADDITIONALATTRIBUTENAME.11                 STRING        1       "Snow_IceSurfaceProcessedPct"

//      ADDITIONALATTRIBUTENAME.12                 STRING        1       "LandProcessedPct"

//      ADDITIONALATTRIBUTENAME.13                 STRING        1       "WaterProcessedPct"

//      ADDITIONALATTRIBUTENAME.14                 STRING        1       "ShadowFoundPct"

//      ADDITIONALATTRIBUTENAME.15                 STRING        1       "ThinCirrusSolarFoundPct"

//      ADDITIONALATTRIBUTENAME.16                 STRING        1       "ThinCirrusIR_FoundPct"

//      ADDITIONALATTRIBUTENAME.17                 STRING        1       "NonCloudObstructionFoundPct"

//      ADDITIONALATTRIBUTENAME.18                 STRING        1       "MaxSolarZenithAngle"

//      ADDITIONALATTRIBUTENAME.19                 STRING        1       "MinSolarZenithAngle"

//

//      PARAMETERVALUE.1                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.2                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.3                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.4                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.5                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.6                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.7                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.8                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.9                           STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.10                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.11                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.12                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.13                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.14                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.15                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.16                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.17                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.18                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//      PARAMETERVALUE.19                          STRING        1       "   54.25", an F8.2 formatted floating point number 

//

//    Ancillary Input Granule

//    -----------------------

//      ANCILLARYINPUTTYPE.1                       STRING        1       "Geolocation"

//      ANCILLARYINPPUTPOINTER.1                   STRING        1       UR of geolocation granule

//

//    AssociatedPlatformInstrumentSensor

//    ----------------------------------

//      ASSOCIATEDPLATFORMSHORTNAME.1              STRING        1       "AM-1"

//      ASSOCIATEDINSTRUMENTSHORTNAME.1            STRING        1       "MODIS"

//      ASSOCIATEDSENSORSHORTNAME.1                STRING        1       "CCD"

//

//

//---------------------------------------------------------------------------------------

//                              ECS Archive Metadata

//

// ECS Archive Metadata are stored in the HDF attribute "ArchiveMetadata.0" whose

// content is described immediately below.

//---------------------------------------------------------------------------------------

//

//                                                   ECS     Number Of   Typical Value 

//   ECS Core Attribute Name                      Data Type    Values      or Comment

//   -----------------------                      ---------  ---------   --------------

//      DESCRREVISION                             STRING         1        "1.1"

//

//   Algorithm Package

//   -----------------

//      ALGORITHMPACKAGEACCEPTANCEDATE            STRING         1       "June 1997"

//      ALGORITHMPACKAGEMATURITYCODE              STRING         1       "at-launch"

//      ALGORITHMPACKAGENAME                      STRING         1       "ATBD-MOD-06"

//      ALGORITHMPACKAGEVERSION                   STRING         1       "2"

//      INSTRUMENTNAME                            STRING         1       "Moderate Resolution

//                                                                        Imaging Spectroradiometer"

//      LOCALINPUTGRANULEID                        STRING        10(Max)  MODIS product input file

//                                                                        names in MODIS naming

//                                                                        convention

//      LONGNAME                                  STRING         1       "MODIS Cloud Mask and

//                                                                        Spectral Test Results"

//

//   GPolygon

//   --------

//      EXCLUSIONGRINGFLAG                        STRING         M,1     variable

//      GRINGPOINTLATITUDE                        DOUBLE         M,4     variable

//      GRINGPOINTLONGITUDE                       DOUBLE         M,4     variable

//      GRINGPOINTSEQUENCENO                      INTEGER        M,4     variable

//

//   Product Specific

//   ----------------

//      Cloud_Mask_Algorithm_Version_Number       STRING          1      '1'

//

//  

//M - indicates that multiple instances of these fields may be written to the

//    file in the ECS "CLASS" format.  In this format, separate instances of

//    the field are identified by field name and an attached suffix of the form:

//    .1, .2, .3 etc.  "M,4" means, for example, that an array of 4 corner point

//    latitudes is written to the file with each occurrence of field

//    GRINGPOINTLATITUDE.  The first instance is specified as

//    GRINGPOINTLATITUDE.1.  Only one occurrence of this field, and the

//    associated fields EXCLUSIONGRINGFLAG, GRINGPOINTLONGITUDE and

//    GRINGPOINTSEQUENCENO, are ever anticipated for MODIS.

//

//

//---------------------------------------------------------------------------------------

//                              ECS Structural Metadata

//

// ECS Structural Metadata are stored in the HDF attribute "StructMetadata.0" whose

// content is described immediately below.

//---------------------------------------------------------------------------------------

//

//GROUP=SwathStructure

//

//   GROUP=SWATH_1

//      SwathName="mod35"

//

//      GROUP=Dimension

//         Cell_Along_Swath_1km =  2030       typical size

//         Cell_Across_Swath_1km = 1354       typical size

//         Cell_Along_Swath_5km =  406        typical size

//         Cell_Across_Swath_5km = 270        typical size

//         Byte_Segment = 6

//         QA_Dimension = 10

//     

//      GROUP=DimensionMap (GeoDimension, DataDimension, Offset, Increment)

//         Cell_Across_Swath_5km, Cell_Across_Swath_1km, 2, 5

//         Cell_Along_Swath_5km, Cell_Along_Swath_1km, 2, 5

//     

//      GROUP=IndexDimensionMap

//         None

//     

//      GROUP=GeoField

//         DFNT_FLOAT32 Longitude("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//         DFNT_FLOAT32 Latitude("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//     

//      GROUP=DataField

//         DFNT_FLOAT64 Scan_Start_Time("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//         DFNT_INT16 Byte_Segment("Byte_Segment")

//         DFNT_INT16 Solar_Zenith("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//         DFNT_INT16 Solar_Azimuth("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//         DFNT_INT16 Sensor_Zenith("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//         DFNT_INT16 Sensor_Azimuth("Cell_Along_Swath_5km","Cell_Across_Swath_5km")

//         DFNT_INT8 Cloud_Mask("Byte_Segment","Cell_Along_Swath_1km","Cell_Across_Swath_1km")

//         DFNT_INT8 Quality Assurance("Cell_Along_Swath_1km","Cell_Across_Swath_1km","QA_Dimension")

//

//      GROUP=MergedFields

//         None

//

//GROUP=GridStructure

//   None

//

//GROUP=PointStructure

//   None

//

//-----------------------------------------------------------------------------

//                     Vdatas

//-----------------------------------------------------------------------------

//

//Vdata = Byte_Segment

//   Class =

//   Number of Records = 6

//   Number of Fields  = 1

//   Field Descriptions:

//

//   Vdata Attributes:   None

//

//

//   Field Descriptions:  Number           Type              Order      Name

//                        ------           ----              -----      -----

//                          0              DFNT_INT8           1        Band_Number

}
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